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children may be misleading because of the non-constant variance (heteroscedasticity) associated with rapid somatic growth.
The need for scaling based on body size has led to the practice in pediatric patients of transforming absolute measurements of the aorta into Z-scores employing body surface area (BSA) (Pettersen, Du, Skeens, & Humes, 2008; Sluysmans & Colan, 2005) . The Z-score, also known as the standardized score, is the number of standard deviations that an individual's aortic diameter is above or below the mean value of a reference population. In pediatrics, the aortic Z-score is typically calculated by comparison to a healthy general reference population.
However, the characteristic short stature, small BSA, and differences in somatic growth trajectories of those with Turner syndrome raise the concern that aortic measurements adjusted for norms based on the general population could lead to exaggerated estimates of aortic dimensions. Employing a non-specific reference population could potentially result in unnecessary restriction of physical activity and/or inappropriate treatment. Accordingly, Quezada et al. (2015) recently reported Turner syndrome-specific aortic Z-score formula by using healthy girls and women with Turner syndrome as the reference population. However, the relationship between Z-scores derived from children with Turner syndrome versus a general population (hereafter referred to as "pediatric/young adult based Z-scores") has not been previously reported.
Therefore, the goals of the present study are: (i) to evaluate the relationship between age and ASI in Turner syndrome and (ii) to compare Turner syndrome-specific Z-scores and pediatric/young adult based Z-scores.
| METHODS

| Study population
| Patient population and echocardiograms
All data utilized for the current analysis has been reported previously (Quezada et al., 2015) . Briefly, 458 subjects with Turner syndrome ages 2-65 had focused echocardiograms performed as part of the Turner syndrome Healthy Heart Project, and all were performed at the annual meetings of the Turner syndrome Society of the United States. The Oregon Health & Science Institutional Review Board approved the protocol and continues to oversee this ongoing longitudinal study. Written consent from adult subjects or legal guardians and assent from children was obtained in all cases.
Subjects included in the study were healthy females with Turner syndrome. Bicuspid aortic valve without significant aortic stenosis were included (Doppler-determined aortic valve velocity less than 2 m/sec). Exclusion criteria included greater than trace aortic insufficiency, un-operated, or structural congenital heart disease (other than unobstructed bicuspid aortic valve), and those who had elective surgery because of a dilated aorta, or who had a history of aortic dissection. The focused echo protocol used in this study has been previously described and was performed in accordance with the standard guidelines (Lopez et al., 2010; Quezada et al., 2015) .
Aortic size index of the ascending aorta was calculated for all subjects (cm/m 2 ) using the Haycock body surface area equation (Haycock, Schwartz, & Wisotsky, 1978) . For patients <age 30 years, Turner syndrome-specific Z-scores and pediatric/young adult based Z-scores (Colan, 2009; Sluymans & Colan, 2009) 
| Statistical analysis
Plots demonstrating the relationship between ASI and subject age were subjected to a breakpoint analysis using the Segmented package in R.
The breakpoint of 15 years of age was used for all downstream analyses 
| Ascending aorta Z-scores
Regression lines using both Turner syndrome-specific and pediatric/ young adult based Z-scores corresponding to 0, +2, and −2 standard deviations are plotted for 246 measurements for 171 girls <15 years and/or inappropriate medical treatment. We found that the difference between Turner syndrome-specific Z-scores and those derived from a general reference population diverged significantly at the largest absolute ascending aorta diameters (Figure 4c ). Thus, it appears that the variability of Z-score estimates increases more in general population-based values as vessels reach extremely large diameters, as others have shown (Ronai et al., 2016) . It has been reported that among those with adult BSA, there is no difference in Z-scores when the two formula are compared and could be used interchangeably (Prakash, Gen, & Milewicz, 2017) as suggested in (Figure 4a ). On the other hand, for subjects at least to the age of 30 years,
Turner specific Z-scores are significantly lower when compared to Z-scores based on the pediatric/young adult reference population ( Figure 4B and Supplementary Figure S5 ).
Since ascending aortic ASI is age-dependent for those under 15 years, we believe that Turner syndrome-specific Z-scores may be helpful for decision-making. However, it is important to note that aortic dissection is 
| Limitations
Aortic dissection under the age of 15 years is rare (Carlson & Silberbach, 2007) and no studies at any age have demonstrated that Z-score measurements are predictive. More follow-up is needed to determine if
Turner syndrome-specific Z-scores improve predictive value compared to Z-scores based on a pediatric/young adult reference population.
Hopefully, longitudinal data will become available as the Turner syndrome Healthy Heart study, that formed the basis of the present study, proceeds.
To advance this research we would urge girls and women with Turner syndrome to join the Turner syndrome research registry (TSRR, http:// www.turnersyndrome.org/ts-registry-love). Despite the limitation of available prospective data, the high false positive rate of the ASI for children under the age of 15 years makes Z-score assessment of aortic size in children a valuable tool for clinicians endeavoring to make difficult management decisions. Although, we found that many subjects under the FIGURE 3 Pediatric and young adult based Z-scores plotted against Turner syndrome-specific Z-scores shows that TS specific Zscores trend lower as the Z-scores becomes higher FIGURE 4 Plots of the difference between pediatric and young adult based Z-scores and Turner syndrome-specific Z-scores versus BSA, age, AAO dimensions, and BMI. The linear or quadratic regression lines were plotted with shading representing the 95%CI, along with equations and R
2
. Gray triangles are cases where the difference between TS-specific Z scores is higher than pediatric and young adult based Z-scores. (AAO, ascending aorta; BSA, body surface area; BMI, body mass index; TS, Turner syndrome; CI, confidence interval)
